Regulation of epithelial Na+ channels (ENaC) by methylation: a novel methyltransferase stimulates ENaC activity.
Aldosterone acts to increase apical membrane permeability by activation of epithelial Na(+) channels (ENaC). We have previously shown that aldosterone activates ENaC early in the course of its action by stimulating the methylation of the beta subunit of this heteromeric channel in A6 cells. Aldosterone also stimulates the expression and methylation of k-ras in A6 cells. To determine whether aldosterone-stimulated methylations are seen in mammalian cells, we examined the effect of aldosterone on methylation and ras activation in a continuous line of cultured epithelial cells derived from mouse cortical collecting duct (CCD) and determined that beta mENaC is a substrate for methylation by an enzyme contained in CCD cells. Aldosterone stimulated protein base labile methylation in CCD cells. Aldosterone stimulated Na(+) transport in CCD cells within 1 h of addition and without an increase in cellular amount of any ENaC subunits over the first 4 h. Inhibition of methylation, using the inhibitor 3-deaza-adenosine, blocked the stimulation of Na(+) transport induced by aldosterone at early time points (1-4 h) without affecting cellular amounts of any ENaC subunits. In contrast to 3-deaza-adenosine (3-DZA), which inhibits all methylation reactions, specific inhibitors of small G-protein methylation or prenylation had no effect on the early aldosterone-induced current. Overexpression of isoprenylcysteine carboxylmethyltransferase (PCMTase), the enzyme that methylates ras, had little effect on basal transport but enhanced aldosterone-stimulated transport in A6 cells. Overexpression of PCMTase in CCD cells had no effect on either basal or aldosterone-stimulated transport. Moreover PCMTase had no effect on ENaC activity when co-expressed in Xenopus oocytes. Aldosterone had no effect on either message or protein levels of k-ras in CCD cells. Searching a mouse kidney library, we identified a methyltransferase that stimulates ENaC activity in Xenopus oocytes without affecting surface expression of ENaC. Our results demonstrate that aldosterone stimulates protein methylation in CCD cells, and this is required for expression of the early transport response. In CCD cells this effect is not mediated via methylation of ras, which is not induced by aldosterone in these cells, and the enzyme that methylates ras has no direct effect on ENaC activity. beta ENaC is a substrate for methylation in CCD cells. A novel methyltransferase that stimulates ENaC directly has been identified in CCD cells.